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THE USE OF AREA SUCTION FOR IMPROVING THE LONGITUDINAL
CHARACTERTSTICS OF A THIN UNSWEPT WING-FUSELAGE
MODEL WITH LEADING- AND TRATLING-EDGE FLAPS

By Devid G. Koernrig

SUMMARY

An investigation was conducted to determine the effect of porous
area suction applied to the knees of full-span leading-edge and part-span
tralling-edge flaps ilunstalled on an unswepb-wing airplane model. The wing
was of aspect ratic 3 and had a modifled double-wedge section with a thick-
ness of 4.2-percent chord. For e brief test, an unswept horizontal tail
was installed on the model 0.62 semlspan sbove the extended wing-chord
plane. Most of the tests were made at a Reynolds number of 9.4kx10%® and e
Mach number of 0.11.

At an angle of attack of O°, application of area suction to the
trailing-edge flap approximately doubled the trallling-edge-flap 1ift incre-
ment. The suction flow regulirements of the trailing-edge flap were close
to predictions based on dsta obtained with a 35 swept-wing model. For
angles of attack above 0°, leading-edge flap deflection wasg required to
l1imit leading-edge flow separation which appeared on the undeflected
leading edge and which caused loss in trailing-edge-flap 1lift increment.
For the model with the tail off, the use of boundary-layer control on the
trailing-edge flap increased destsbllizing pitching-moment changes. How-
ever, installstion of a horizontal tail markedly reduced these adverse
pitchling moments.

INTRODUCTION

Deslgners of supersonlc flghter-type aircraft conslidering the use of
thin unswept wings of low aspect ratio are faced withk the problem of
choosing effective high-lift devices for use at landing and tske-off.
Wind-tunnel tests made st low speed on small=-scale models equipped with
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thin unswept wings are reported 1n references 1 and 2. In these investi-
gations, results were obtained using plein, slotted, or split trailing-
edge flaps combined with plain or slotted leading-edge Fflaps. However,
design studles have shown that it would be desirable to obtaln greater 1lift
coefficients than were obtained with these types of wing flaps.

It haes been found that boundsry-layer control by porous area suction
can be an effective means of improving 1lift effectiveness of the trailing-
edge flaps as well as improving the effectiveness of a leading-edge flep
in delaying leading-edge separation. Ares suction was successfully appliled
to the flap of a 35° swept-wing model in the investigation reported on ir
references 3 and 4, :

In order to study the effectiveness of porous area suction applied to
leading~ and treiling-edge flaps of & thin unswept wing, the ilnvestigation
reported hereln was undertaken in the 40- by 80-Ffoot wind tunnel. The wing
of the model was similar to that of the small-scale models of references 1
and 2, having an aspect ratio of 3 with the three-quarter chord line
unswept. The wing had sharp leading edges and was equipped with full-span
leading-edge flaps and part=-span tralling-edge flaps. The objective of
the investigation was the evaluatlon of the use of area suction on both
the leading- and trailing-edge flaps; on the trailing-edge flaps to
increase 1lift coefficient at low wing angles of attack, and on the leading-
edge flaps to allow greater leading-edge-flap deflection without flow
separation at the knee of the flap, thus maintaining trailing-edge flap
effectiveness at higher angles of attack.

NOTATION
a turning angle around knee of flap, deg (see fig. 3)
b wing span, ft
c wing chord, ft

cyg borizontal=tail chord

ot

o b/2
mean aerodynamic chord, EL/n c2dy, ft
o

. dr
Cp drag coefficlient, ——%g
. . 1ift
Cr, 1ift coefficient, ~s

ACp, 1ift increment due to trailing-edge flap

oL



NACA RM A56D23 _ . Smm— 3

Cm

Cq
it

Poo

-

pitching-moment coefficient, computed about the quarter-chord polnt

the mean aserodynamic chord, pltchzzgsmﬁment

flow coefficlient

2
2 ¥ 8

to hinge line of horizontal tail, ft

Flon

distance from

free~stream static pressure, 1b/sq ft
wing surface static pressure, lb/sq £t
plenum-~chamber static pressure, lb/sq £t

pressure differential across porous mgterial, Ib/sq £t
P = Py

wing-surface pressure coefficient, a
{o0}

P, - P
plenum-chanber pressure coefficlent, “E—E;rf

free-stream dynamlc pressure, 1b/sq £t

quantity of air removed through porous surface based on standard
density, cu ft/sec

Vv
Reynolds number, -fé

distance along airfoil surface from reference line to aft edge of
porous opening (see fig. 3), in.

wing area, s8q ft

flap area, sq £t

wing area spanned by flap, sq £t

free-stream velocity, £t/sec

suction inflow velocity, ft/sec

distance along airfoil chord, £t

spanwise distance from piane of symmetry, £t

vertical distance of horizontal tail above the extended wing chord
plene, £t '

LI LAl
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a angle of attack of wing-chord plane, deg .
el flap deflection in plane normal to hinge line, deg
Be deflectlon of split elevator flap, deg
1 spanwise coordinate, %F
v kinematic viscosity, f£t2/sec
A sweep angle of flap hinge line, deg
Subscripts
c critical
n leading=~-edge flap
i if traliling~-edge flap
I inboard
0 ocutboard .
T tunnel-wall correction . - . -

MODEL AND APPARATUS

A photograph of the model as mounted in the 40- by 80-foot wind tunnel
is shown in figure 1 and the geometric characteristics of the model are
presented In flgure 2. The wing was of aspect ratio 3.0 and taper ratilo
0.4 with the three-quarter chord line unswept. The wing sectlon was a
symmetrical double-wedge section modified by rounding the ridge line. The
wing was cowmbined with a long slender fuselage which was somewhat under-
slung with respect to the wing. For limited tests, an unswept horizontal
tall of aspect ratio 4 was mounted at a position 62-percent wing semlspan
above the extended wing-chord plane and at an incidence of -2°. The size
and locatlon of the horizontal tall with respect to the wing was as fol-
lows: 14/8 = 1.79, z/(b/2) = 0.62, S¢/S = 0.20. To trim the model a
spllt elevator flap was Installed on the upper surface of the tail. The
flep chord was 25~-percent that of the tail chord and extended over the - .
complete tail span.

a

Both leadlng~- and trailing-edge flaps were hinged near the lower
surface with the hinge lines located on the 15~ and Tl-percent chord lines,

CoNMESERNRLL,,
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respectively. The trailing-edge flap extended from the fuselage to the
75-percent semispan station; the leading-edge flap extended over the full
exposed wing span; and the flap-fuselage gaps for both flaps were sealed
for all flap deflections. Porous area suction was applied over the knees
of the deflected flaps.

For a brief test, short turning vanes were installed on the fuselage
near the knee of the trailing-edge flaps. Details of these vanes are shown
in figure 2(c).

A drawing of the Fflap cross section in the vicinity of the hinge line
of the flap is presented in figures 3(2) and 3(b). The porous surface was
a perforated metal sheet backed by wool felt and a coarse wire mesh. The
metal sheet was 0.008 inch thick, had 4225 holes per square inch, and was
ll-percent porous. Two felt porositles were used in the investigation,
hereinafter to be referred to as grades 1 and 2 for the more porous and
less porous felts, respectively. For the leading-edge flap, grade 2 felt
was used with the chordwise thickness variation shown in figure 3(ec). For
the trailing-edge flaps, both grades 1 and 2 felt were used with chordwise
thickness variations shown in figure 3(d). The porosities of the two
grades of felt used are indicated in figure 3(e). The extent of porous
gurface could be varied by sealing part of the porous surface with
pressure-sensitive tape 0.003 inch thick.

Pumping and Duct System

A drawing of the pumping and duct system is shown in figure 4., The
suction air was drawn through the porous surface into the flaps which
served as ducts carrying the air into the plenum chamber. After going
through the pump, it was expelled through exhsust ducts located under the
fuselage. The pumps were modified aircraft engine superchargers and were
driven by variable-speed electric motors. The suction alr-flow guantities
were messured by finding the difference in pressure between the air in the
plenum chambers and in the pump inlets. The system was calibrated with a
standard A.S.M.E. intake orifice.

TESTING AND PROCEDURE
Tests at Varying Angle of Attack
Tests were made for an angle-of-attack range of -2° o 24°, For the
model with horizontal tail off, tests were made with leading-edge-flap

deflections of 0°, 31°, 41°, and 51°, combined with trailing-edge-flap
deflections of 0°, 50°. and 60°.
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Most of the tests were made either wlth area suction on both the
leading~- and tralling-edge-flap knees or without ares suction on either of
the flaps. For a few flap-deflection combinations, suction was applied to
the trailing-edge £lap but not to the leading-edge flap. For both the
leading~ and tralling-edge flaps with area suction, testing at variable
angle of attack was done with a constant pump speed. The pump speeds used
were those required to produce suction flow quantitles approximately 100
percent and 30 percent greater than the critical flow quantity for the
leading~ and tralling-edge flaps, respectively. (For definition of ch’

see subsequent discussion.) Porous area configurations for which data are
presented herein are listed in table I. To expedite testing, no attempt
was made to maintaln the same porous ares configuration for all variable-~
angle-of-attack tests. This procedure is believed justified since it was
found that 1ift was falrly independent of small changes in porous opening
and porosity for the large porous opening and excess flow quantities used.
All suction-off data were obtailned with the porous surfaces sealed.

A limited test was made on the model for &p = 41° and & = 60° with
the unswept horizontal tall installed at -2° incidence.

Force and moment data, as well as duct and plenum-chamber pressures,
were obtained for all suctlon~on configurations investigated. For some of
the conflgurations, external wing chordwise pressure distributions were
obtained. :

Tests at Constant Angle of Attack

Force snd moment data were obtained for the model with varylng flow
quantities at given angles of asttack in order to determine. CQc for
various porous area configurations. The dats were usually determined by
decreasing the flow quantity from a high value to a low value. To check
hysteresis effects on the 1ift characteristics, data were taken with
lncreasing values of Cq in several cases and no significant differences
were observed from data obtained wlth decreasing values of Cq-

In attempts to reduce the suction air flow required, the extent of
porous area was varied for the tralling-edge flaps. For the leading-edge
flap, only grade 2 felt was used. For the 500 deflected trailing-edge
flap, only grade 1 felt was used. For the 60° trailing-edge flap, in
addition to grade 1 felt, grade 2 felt and combinetions of the two types
of felt over the span of the flap were investigated as a means of reducing
flow requirements.

Additional tests to determine the effect of airspeed on the suctlon
Tlow requirements of the trailing-edge flap were made for ©Bp = #Oo and
&f = 50° and one porous areas configuration. These variable Cq tests were
made at about 0O° angle of attack and free-stream velocities of 130, 159,

and 183 feet per second.

-



NACA RM AS6D23 "4 7

Test Conditlons

The Reynolds number of the tests, aslde from the tests with the higher
free-stream velocities mentioned above, was 9.lx10® which corresponded to
& dynamic pressure of 20 pounds per square foot and a Mech nunmber of 0.11.

CORRECTIONS TO DATA

All data were corrected for alr-stream inclinstion and for wind-tunnel
wall effects, the latter correction belng that for a wing of the same span
having elliptic loading and with an unswept plan form. The corrections
added were ag follows:

0.696 Cy,
0.0122 Cy2

o
Coyp
For the data with the horizontal tail installed, a correctlon for

additional downwash st the hinge line of the tail (at the model plane of
symmetry) was made as follows:

Cug = 0-0139 CL

Tares due to support strut interference were not applied.

All flow coefficients were corrected to standard sea-level alr condi-
tions. The effect of the thrust of the exhsust Jets on the aerodynamic
data was found to be negligible.

RESULTS AND DISCUSSION

The Effect of Leading=- and Tralling-Edge Flap Deflectlon

The force and moment characteristics of the model (tail off} for
several combinations of leading- and tralling-~edge-flap deflections are
presented in figures 5 and 6 for the model without and with area suction
applied to both leading- and trailing-edge flaps. Chordwise pressure
distributions for three spanwise statlons are presented in figures T and
8 for the model with and without the leading-edge flap deflected. For
By = 41° and 8¢ = 60°, chordwise pressure distributions for several span-
wise stations are presented in figure 9 for four angles of attack. (a11
pressure data for the leading-edge flap, wing, and trailing-edge flap
were blotted in directions normal to the respective chord lines.)} The
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approximate values of Cq and Pp corresponding to the constant pump
speeds held throughout the angle-of-attack range for the various model
configurations are listed in table II.

Flap 1ift increments.- For the model with the leading-edge flaps
undeflected, the variation of trailing-edge-flap 1ift increment with angle
of attack is shown in figure 10. The pressure data of figure T(a) and
tuft observations (not presented herein) show that at o = 0° leading=-
edge flow separation has occurred.. With increaging angle of attack sbove
Oo, the chordwise extent of the leading-edge flow separation increased and
resulted in a rapid decrease in trailing-edge-flap 1ift increment. As is
shown in figure 10, for angles of attack up to that of Cr » these

decreases in AC], were caused essentially by loss in boundary-lsyer con-
trol. Therefore, leading-edge flow separation must be controlled before
any substantial boundary-layer control effectiveness is to be realized on
the tralling-edge flap for this type of wing in the medium to high angle-
of-attack range.

To study the effect of controlling leading-edge flow separation, the
leading-edge flaps wére deflected with and wlthout area suction. For the
model with the leading-edge flap deflected, the variation of trailing-edge-
flap 11ft increment with angle of attack is shown in filgure 11. Substan-
tial flap 1ift increments wilth suction off and on were maintained up to
angles of attack of 16° or more. The pressure data of figures 7 and 8
demonstrate the effectlveness of the leading-edge flap with area suction
in delaying the chordwise progression of flow separation from the leading
edge. Even though the flow separation does appear on the leading edge,
attached flow is maintained over the knee of the leading-edge flap up to
high angles of attack. As shown by the pressure data of figure 8, the
trailing-edge-flap 1ift ircrement does not drop radically until an angle
of attack is reached (close to that of CLmax) vwhere flow separation
spreads over the leading-edge-flap knee.

High-11ft characteristics.- For the model with area suction applied
to the trailing-edge flaps, it was found that the leading-edge flaps were
needed to obtaln a value of Cp substantially greater than the value

of Cj found for a = 0°. Values of (g for the model with the tail

off obtained with several flap-deflectlon comblnations are listed in the
followlng table:
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Traliling-edge flap | Leading-edge flap

Sz, Suction Sn, Suction Clmax

deg deg
0 off 0 off 0.78
50 off o] off 1.2k
50 on 0] off 1.30
60 off 0 off 1.2k
60 on 0 off 1.30
o] off k3 off 1.21
o] off 41 on 1.29
50 off 2 off 1.5
50 on k1 on 1.76
60 off L3 off 1.43
60 on h1 off 1.60
60 on b1 on 1.78

A comparison of the wvalues shown in the table indicates that .1ittle or no
increase in CLmax was obtained by increasing the traliling-edge-flap

deflection from 50° to 60° Ffor any of the leading-edge-flap conditions
considered. However, a 35-percent increase in Cj was obtained by

deflecting the leading-edge flap wilth area suction for the model with area
suction applied to the deflected trailing-edge flaps.

The variation of Cjp wlth 8n 1is shown in figure 12 for the two

trailing~edge-flap deflections. The Rigure demonstrates the decreasing
advantage of higher leading=-edge-flaep deflections as ©&p approached 50°.

Figure 13 shows the effect of applying area suction to the leading-~
edge £lap on the 1lift characteristics of the model. For angles of attack
up to 80, 1ittle, if any, added 1lift due to suction was obtained for either
the 31° or 43° leading=-edge~flap deflection. For angles of attack above
80, the advantege of area suctlon was apparent only for the 41° leading-
edge-flap deflection.

Comparison with theory.- The traelling-edge-flap effectiveness is
summerized in figure 14 for the model at a = 0°. The experimental data
from which the values presented in figure 1L were taken were obtained with
approximetely 50=-percent excess suction air flow. Also presented in the
figure is the varliation of flap effectiveness with flap deflection as
predicted by the theory of reference 5. The value of ag used for the
calculations was the theoretical value of 0.65 taken from figure 3 of that
reference. WLith the nose flap deflected 41°, applying area suction to the
tralling~-edge flap increased the flap 11ft increment from 48 to 91 percent
of theory for &p = 50° and from Lk to 81 percent of theory for &p = 60°.

Sources of loss 1n flap lift.- Two regions on the tralling-edge flap
existed at whlch the Plow could not be attached using area suctlon and

- -
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which evidently contributed to the discrepancy between the suction-on
experimental data and the corresponding theoretical values. Early in the
investigation, it was found from tuft observations and pressure measure-
ments that for spanwise stations between n = 0.45 and 0.60, a considerable
smount of separated flow occurred on the flap even at high suction flow
quantities. Boundary-layer measurements showed that just forward of the
porous area, large values of the boundaery-layer shape parameter (ratio of
displacement thickness to momentum thickness of the boundary layer) existed
at these wing statlions compared to the values found at other spanwise
locationg. Insufficient suction inflow veloclty over the porous area in
this region was the probable cause for the flow separation on the flap.

The other region of separated flow existed adjacent to the fuselage and,

as explained in reference 6, was evidently caused by the low-energy air in
the fuselage boundary layer not belng able to negotliate the high adverse
pressure gradlent lnduced by the presence of the knee of the flap.

Use of turning vanes.- To lmprove flow over regions on the flap near
the fuselage, turning vanes were lnstalled for a brief part of the test at
the knee of the flap as suggested by the Information in reference 6. The
span of the vanes (approximetely 5 inches) was slightly larger than the
thickness of the fuselage boundary layer at that polnt. The effect of
vanes on the 1ift characteristics of the model for &y = 41° and 8p = 60°
18 ghown in Ffigure 15. The triple vanes incressed the flap 1ift increment
from 81 percent to 92 percent of the theory of reference 5 (see fig. 1h4).

Suction Requirements

Trailing-edge flaps.- Typical variations of AC], versus Cq are shown
in figure 16 for. &p of 50° and 60°; the curves represent porous area
configurations for which the flow requirements were found to be close to
the minimmm obtained for the correspondling flap deflection. For both flap
deflections, data are shown which were obtained with the more porous felt
(grade 1). Also shown in figure 16 are data representing the best porous
area configuration used during an attempt to reduce the flow requirements
by changing the spanwlse porosity distribution. It msy be seen from the
Flgure that there is a critical value of flow coefficient above which
significant lncreases in 1lift cannot be obtained by any reasonable increase
of suction flow quantity. The coefficlents corresponding to this value are
designated herein as the critical flow coefficlents, Cq. , and, as in
reference 3, are determined as the value at which the nedrly linear part
of the curve begins. Values of CQc were estimated by use of the method

described in reference 31 snd are indicated on the curves of filgure 16.
1The method outlined in reference 3 may be stated mathematically as
(SR/S)cos Ar
Cqg = (C
Q= Q)l (SR/S)lcos (Af)l

where reference values are indicated by the subscript 1.
L AR R T
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These estimated values are also compared iIn the following table with the
approximate experimental wvalues of the present investigation Indicated by
the data of figure 16.

e, | Experlmental
deg| &p = 41° | Estimated

50 0.0008 0.00068
60 .0013 .00110

The experimental velues sre those obtained with the grade 1 felt which was
of approximstely the same poroslty as that wilith which the reference data
used in the method were obtained.

The small effects of free-stream veloclty on the wvariation of ACy,
with Cq end Pp are shown in figure 17.

Leading-edge flaps.- As has been mentioned previously, suction on the
leading=-edge flaps became necessary for the 11° deflection at angles of
attack above 9° (see Fig. 13).

The felt design for the three leading-edge flap deflections investi-
gated was of variable porosity chordwise and proved to yileld adequate
boundary-layer control for vglues of CQc as small as 0.0003. Suction

flow data for the leading-edge flap are not presented herein but it should
be mentioned that values of CQc for both &n = 41° and 51° at higher

angles of attack varied from 0.0002 to 0.0003.
Stability Characteristics of the Model

Comparison of the suction-on and suction-off plitching-moment data of
figures 5 and 6 for the tall-off model indicates that the use of boundary-
layer control by porous area suction causes extreme destabililizing pitching-
moment variations, as well as large negative pitching moments.

Results obtained from brief tests with a thin unswept borizontal tail
are presented in figure 18. To augment trailing-edge-flap effectiveness,
the triple=-vane confliguration mentioned above was instelled at the flap.

In order to trim the model, a split flap was installed on the upper surface
of the tall. It is ev1dent that the horizontal tail contributes favorably
to the pitching-moment variation of the model.
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CONCLUDING REMARKS

The results obtalned from tests of an airplane model wlth an aspect~-
ratio-3 unswept wing of thin wing section indicated the following:

Application of porous area suction to the trailing-edge flap approxl-
mately doubled the flap 1ift increment obtained at O° angle of attack.
With area suction on the trailing-edge flsp, and with the leading-edge
flap deflected 410, tralling-edge=-flap 1lift increments were obtalned which
were 91 and 81 percent of theoretical values (NACA Rep. 1071) for flap
deflections of 50° and 600, respectively. The flow requirements of the
trailing-edge flap were close to predictions based on data obtained from
tests on a 35° swept-wing model reported in NACA RM AS53EO6.

For angles of attack sabove OO, leading=-edge=-rflap deflection wss
required to limit wildespread leading-edge flow separation. The leading-
edge flow separation which appeared on the undeflected leadlng edge caused
large reductions in trailing-edge-flap 1ift increment. With the trailing-
edge flap deflected 60° (suction on), area suction on the leading-edge
flap was not required for a deflection of 31° but was required for the 41°
flap deflection at angles of attack above 8°. For the model with the tail
off, the use of boundary-layer control on the tralling-edge flap increased
destabilizing piltching-moment changes. However, installation of a hori-
zontal tail markedly reduced these adverse pltching moments.

Ames Aercnautical Leboratory
Natioral Advisory Committee for Aeronautics
Moffett Fleld, Calif., Apr. 23, 1956
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(2) Leading-edge flap; np = 0.15 to ny = 1.0; & = o°
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TABLE I.=- PORCUS AREA CONFIGURATIONS
[See figure 3 for notation description]

NACA RM A56D23

ggé Porous area extent
31} Total opening, 0.88 inch, constant along span
k1| s = 0.5 inch _ :
51 | Total opening, 1.06 inch, constant along span
(p) Trailling=-edge flap
Porous area 5. de Porous area extent 5 nMEZitéxtent Felt
configuration| 7 g pa grade
a, deg 2] nr Mo
1 50 0 2.5 in. | 0.15 0.75 1
2 50 15 1.0 in. .15 .75 1
3 60 12 .5 1in. .15 .75 1
L 60 12 1.5 in. .15 75 1
5 60 12 3.0 in. .15 .32 2
18 1.5 in. .32 .60 1
12 3.0 in. .60 .15 2
6 60 12 5 percent .15 <75 2

TABLE II.~- AVERAGE VALUES OF PLENUM CHAMBER PRESSURE AND FLOW

COEFFICIENTS EELD THROUGH THE ANGLE-OF-ATTACK RANGE

Trailing-edge | Leading=-edge flap | Tralling-edge flg
Figure| dn, {&f, porous-area
Inumber| deg |deg [confilguration CQ PP cq Pp
6(a) | 31 ot sealed 0.0008 -11.5 - - - - - -
Y ot sesled .0008 -11.5 - - - - - -
6(b) ot |50 2 - - - - - - 0.0015 -10.6
31 |50 2 .0008 -11.5 .001k% -10.5
k1 |s0 2 .0010 -14.5 .0015 -10.6
51 150 2 .0006 -12.7 .0015 -10.5
6(c) ot |60 6 - - - - - - L0017 -13.5
31 |60 4 .0008 -11.5 .0018 -1h
b1 |60 4 .0011 -14.5 .0016 -13.2
T ol |60 6 - - - - - - .0017 -13.6
8 31 |50 2 .0008 -11.5 .0014 -10.5
i |50 2 .0010 -15.0 .0015 ~10.6
51 {50 2 0006 -12.7 L0015 -10.5
9 1 |60 5 0006 -11.5 .0016 -13.6
13 ol |60 6 - - - - - - .0017 -13.5
31t {60 3 - - - - - - .00L7 -13.6
31 |60 3 .0008 -11.5 L0017 -13.6
it |éo L - - = - - - .0016 -13.2
b1 Jeo L .0011 -1k.5 .0016 -13.2
15 y1 (60 5 .0006 -12.0 .0016 -13.5
18 41 |60 5 .0005 -11.5 0017 -13.7

lPorous area on flap sealed.
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A-19567
~foot wind tunnel.

Figure 1.- View of the model in the Ames Lo~ vy 80

.
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Hinge lines
swept 18.92°
and 1.31°

23.20™ J‘\BJB"
g \!
_< - 2.25 _ - .
| Tt ;
I
6.56 vl ' / l
4 \c=10:83 ,___fu.48
I :
Y 15.31 Hinge line
of split
1 elevator
< 27.30 ————+5.52 | flap on
fe [937 75 C¢ line

Tail hinge line

—-l4.l2]-‘—

All dimensions in feet
unless otherwise noted

.ll 0.83
- — - e ——r— Jif\i[r
< F—Io.t;-l/ I
-

62.50

Wing Geometry

Aspect ratio 3.0
Taper ratio o4
Sweep of quarter-chord line 15.9°
Dihedral Q°
Twist 0°
Areqa, square feet 3i2.5
Wing section 42% thick modified

double wedge
(a) The complete model.

Figure 2.~ Geometric characteristics of the model.
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423 4

168.7 R 450
Typica! wing section

Dimensions In percent wing chord

5.l6°
7
~x B ~ \
I SN Sy
- n.

Typical of leading
and traifing edge

(b) The wing section.

Fuselage

Double vane

hinge line I -

I All dimensions shown In feet

All vanes .06 Inch thick
Left side shown, right side opposite

Triple vane

(c) Turning vanes.

Figure 2.~ Continued.
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(d) The fuselage.

Figure 2.= Concluded,

8T

£209CY WY VOVN



NACA RM A56D23 ey AT

Possible extent of

porous drea
/ Measured parallel

to mode!l center line

003 inch thick
Tape Seal

Duct
_Pressur_e Tap

Hinge line Linch above
lower surface at 15-
percent chord

Reference line normal to
upper surface

(2} Leading-edge flap.

rReference line normal to upper
surface

Possible extent of
porous area

Measured parailel
to model center tine

Tape

Duct
Pressure Tap

Tape seal
typical

Hinge line % inch
above lower surface

at 7l-percent chord /
Felt

() Trailing-edge flap.

Figure 3.- Detalls of the porous surface of the model.
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(c) Felt thickness distributlon for leading-e

Figure 3.~ Continued.
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dge flap. Grade 2 felt.



Felt thickness, inches

NACA RM AS6D23 bR | 21
4
——— §; 50°and 60° grade | felt [ I -
- Sf 60° grade 2 felt AT /
3 P
// m,.147
/, to .316
.2 /l C li i /
/] onsfan
v / thickness beyond
| / — &-inch distgnce
) — \\\\
° N
3 ’// 7,316
4 -
yd to 532
.2 T
/
7
l - //
. ,// o
o
//‘—" ol
.3 / /
y
//
,.532
2 “ 7170 750
/
r // //
— 1
-4 -3 -2 -1 0 | 2 3 4 5 6

Distance from reference line,inches

(d) Felt thickness distribution for trailing-edge flap.

Figure 3.- Continued.
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240

/

200 /

160 /
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/ Q Grade 2 felt + perforated sheal
0 Grade | felt + perforated sheet
A Perforated sheet

o
o

N AV .

]
A A ——-T_—-A'__—
o A
0 2 q 6 8 10 12 14
wo, fps

(e) Varietions of sucticn inflow velocity with pressure differential across felt, one-~guarter-inch
thick.

Figure 3.- GConcluded.
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Duct

Figure b4,- Detalls of the model duect and pumping system,
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Flgure 5.~ The effect of leading-edge-flap deflection on the longitudinel characteristics of the

o

| 4 - - Sl‘lldeg
: 0O 0

S ol

T e T

bR B >

A 2 3 4 5 8 .08
Cp ~4 0 4 .B 12 s 20 24 28

(a) 8¢ = O°

model without suction on either the leading- or trsiling-~edge flap.
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O 51
3 4 .5 .6 0 -08 -i6 -24
Cp 4 0 4 8 12 18 20 O™
a, deg
(b) Bp = 50°

Flgure 5.~ Continued.
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(e) Bp = 60°
Flgure 5.- Concluded,
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(a) Bp = 0°

Filgure 6.- The effect of leading-edge~flap deflection on the longitudinal characteristics of the
model, with suction on both the leading- and trailing-edge flape. For porous area and suction
alr-flow conditlons, see table IT.
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a, deg

(b) B = 50°

Pigure 6.- Continued.
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(C) Sf = 600

Fgure 6,- Concluded.
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7
B 50 70 92 O..deg Suction
_ o ¢ n 0 off
= A D¢ 60 of f
B o & o 60 on

(2) « = 0.9°

Figure 7.- Chordwise pressure dlstributions at three spanwlse stations
with the leading-edge flap undeflected. For porous area and suction
alr-flow conditions, see table IT. The x/c axis 1s broken at the
value of x/c corresponding to the flap hinge.
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7
50 70 92 Sf-deg Suction
o ¢ 0o o} off
A D ¢ 60 off
O N © 60 on

Figure T.=- Continued.
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7
50 70 92 O,deg Suction
© ¢ o o off
a D ¢ 60 off
o~ o 60 on

(c¢) a = 9.0°

Figure T.- Concluded.
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AT 3 33
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i 50 70 92 Opdeg
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(a) a = 9.0°

- Figure 8.- The effect of leading-edge flap deflectlon on the chordwise
pressure distributlon at high angles of attack; &7 = 50°. For porous
ares and suction alr-flow conditions, see teble II. The x/c axis is

broken at values of x/c corresponding to the f£lap hinge locations.
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3k

(b) a = 15.1°

Figure 8.- Continued.
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(¢) « = 17.2°

Figure 8.- Concluded.



36 - RN NACA RM A56D23

L.E.and TE. flaps
Suction on

————Suction off
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() @ =0.99°; 7 = 0.20 to 0.62

Figure §.- The effect of porous area suction on the chordwise pressure
distribution of the model with B8y = 41°, 8 = 60°. For porous area
and suction alr-flow conditions, see teble TI. The = x/c axis 1s
broken at values of x/c corresponding to the fMap hinge locstions.
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L.E. and T.E. flaps
Suction on

————Suction off

——e—— e

(b) « =0.99 n =0.70 to 0.92

Figure 9.- Continued.
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P i N

— LL.E. and T.E. flaps
Suction on

———=Suction off

NACA RM AS6D23

(c) « =9.09% n =0.20 to 0.62

Figure 9.- Continued.
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— L2y L.E.and T.E. flaps
» Suction on
Q ————Suction off

(d) « = 9.0°%; n = 0.70 to 0.92

Flgure 9.~ Contlnued.
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LE. and T.E. flaps

Suction on
— ———Suction off

<

e

s

NACA RM A56D23

(e} @ = 13.2°; n = 0.20 to 0.62

Figure 9.- Continued.
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L.E. and T.E. flaps
Suction on

————Suction off

(£) a = 13.2%; n = 0.70 to 0.92

Figure 9.~ Continued.
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P = S

B LE.and T.E. flaps
Suction on

— —— Suction off

NACA RM A56D23

x/c

(g) @ =17.2° n = 0.20 to 0.62

Figure 9.- Continued.
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— L.E.and T.E. flaps

P ———Suction on
————Syction off

() a@ =17.2°%; 4 = 0.70 to 0.92

Figure 9.~ Concluded.
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NACA RM A56D23

for 8;,50°

Theory of reference 5

20

with >
suction '\
=
Without
suction
CLqu 8f) deg
O S50
—_—— 0 60
| I
0 4q 8 12 16
a, deg )

Figure 10.- The variation of the.trailing-edge-flap 1l1ft lncrement with
angle of attack of the model with the leading-edge flap undeflected.
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f
/
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Figure 11.- The variation of trailing-edge~flap 1ift increment with
angle of attack of the model with the leading-edge flaps deflected,
elther with or without suction on both leading and trailing-edge
flaps.
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2.0
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1.8

14
/ Sf, deg
¢ 50

12 0o 60
1.0
0
o) 20 40 60 80
8n , deg

Flgure 12.- The varlation of the Cp with nose flap deflection,
&p; with suction on both leading- and tralling-edge flaps.
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L. E.
.6 3n, deg Suction
C 0 with
4 0 31 without
. A 3| with
/ 2 O 41 without
b 41 with
0 | | | ]
o 1 2 3 4 5 8 0 -08 -6 =24 -32 -40
Cp -4 0 4 8 12 16 20 24 Crm

a, deg
Figure 13.~- The effect of applylng area suction to the leading-edge flap on the force and moment

charscteristics of the model; &p = 60°, suction on. For porcus area and suction alr-flow
conditions, asee table IT.
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1.6 —
L.E. and T.E. /
1.4 }-flap suction [/
On» deg / é%\
off on /
.2 & O 0 7 -
N O 3I / Q 6
ok D A 4 A
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.8 // é
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‘ Theory of reference 5

/
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/
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/
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S, , deg

Figure 1l4.- The variations of trailing-edge-flap 1ift increment with
flap deflection; a = 0O.



2.2 2.2
O Vane off
A Triple vane
20 20
O Vvane off
.8 1.8 O Double vane

/A-—E\ A Triple vane
16 /;4 })/Q\cr 16

1.0 1.0 - /
< < ﬂ
00 4 8 12 16 20 24 00 0006 0008 00I0 0012 0014 00I8
a, deg Cq
(a) oy, ve. @; Cq = 0,0016 (b) Cp, va. Cq; o = 0,8 deg

Figure 15,~ The effect of turning vanes on the 1lift characterilstlcs of the model with suction on
the leading- and trailing~edge flape for &, = 41° and Bp = 60°, For porous area and suction
glr-flow conditions, see table IT,
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Figure 16.- The varistion of flap 1ift increment with flow coefficient for two trailing-edge-flap
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Figure 17.=- The effect of stream velocity on the suctlon flow require=~
ments of the trailing-edge flap for By = 41° and 8¢ = 50°; porous
ares configuration 1; a = 0.8%°; suction on leading-edge-flap.
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Figure 18.- Longitudinal characteristics of the model with an unswept horizontal tail; &, = 41°

and By = 60° with suction on both leading- and trailing-edge flaps; triple vanes installed.

For porous area and suction air-flow conditions, see teble IT,
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